Background: Body mass index (BMI) has been associated with a risk of esophageal cancer. However, the influence of BMI and BMI loss on people with esophageal cancer that were treated with different therapies has not been described in China. Methods: In total, 615 consecutive patients that underwent esophagectomy and/or chemotherapy/radiotherapy were classified according to the Asian-specific BMI (kg/m 2 ) cutoff values. The impact of BMI and BMI loss on long-term overall survival (OS) was estimated using the Kaplan-Meier method and Cox proportional hazard models.
Introduction
Esophageal cancer is one of the most common digestive system malignancies in the world. It is especially prevalent in some Asian countries, and about half of the cases occur in China. [1] [2] [3] With the advancements in surgical techniques and therapy, the outcomes of esophageal cancer have improved, but the long-term survival rate is still unsatisfactory. 1, 3, 4 A common presenting symptom of esophageal cancer is weight loss. 5, 6 This is because most patients will experience dysphagia, which leads to reduced food intake. 7 Moreover, increased energy consumption is induced by the tumor, which can also contribute to weight loss. 8 Considerable weight loss in cancer patients is a risk factor for long-term survival. Many studies have indicated that excessive postoperative or post-diagnostic weight loss leads to worse long-term outcomes in many cancers, [9] [10] [11] including esophageal cancer. 12, 13 Furthermore, several studies have demonstrated that a high body mass index (BMI) is a well-recognized risk factor for esophageal cancer. 12, [14] [15] [16] However, these studies were primarily concerned with the western population and patients who had undergone surgical tumor resection. Thus far, the impact of both BMI and a reduction in BMI prior to therapy on the long-term survival in Chinese esophageal cancer patients treated with adjuvant therapy, including chemotherapy and/or radiotherapy, has not been explored. Therefore, the aim of this study was to evaluate the impact of BMI and BMI loss prior to therapy on long-term survival in esophageal cancer patients treated with various types of therapy.
Patients and methods Patients
We identified consecutive patients with esophageal cancer at the Sun Yat-sen University Cancer Center. Based on our previous study, 17 (Table S1 ). Follow-up time was calculated from the date of surgery to the event or date of the last contact. Follow-up continued until July 2018. The endpoint was overall survival (OS). OS was calculated from the time of surgery to the time of death from any causes or the date of the last follow-up, if the patients were still alive. Patients were excluded if their BMI was unknown or if they had a history of other cancers. Patient characteristics were collected from retrospective medical record reviews using a standardized data collection form. The most common surgical approaches included the left transthoracic procedure, the Ivor-Lewis approach, and the cervicothoracoabdominal procedure. Pathologic stage was determined according to the 7th edition AJCC staging system. 18 The study was approved by the Ethics
Committee of the Sun Yat-sen University Cancer Center and patient consent to review their medical records was not required for the research project did not involve personal privacy and commercial interests. Patient information would be kept strictly confidential and in compliance with the Helsinki declaration.
BMI value and BMI loss group
BMI (kg/m 2 ) was calculated based on a direct measurement of height and weight at diagnosis. Patients were classified according to the Asian-specific BMI cutoff value of the Chinese population. 19 The three categories were as follows: under- . BMI loss was calculated based on height and weight loss compared to their weight at diagnosis. BMI loss was divided into the following three groups: group 1 (no BMI loss), group 2 (BMI loss ≤2), group 3 (BMI loss >2) refer to some researches. 13, 20, 21 
Statistical analysis
Statistical analysis was performed using the SPSS 19.0 for Windows software system (SPSS Inc., Chicago, IL, USA). Differences between the three groups were tested by the Kruskal-Wallis test. The associations between BMI categories and clinicopathologic parameters were analyzed by the χ 2 -square test or Fisher's exact test. Survival curves were calculated by the Kaplan-Meier method and analyzed by the log-rank test. Multivariable analysis was performed using Cox's proportional hazards regression model using the enter procedure (the entry and removal probabilities were 0.05 and 0.10, respectively). p-values <0.05 were regarded as statistically significant.
Results

Baseline characteristics by BMI and BMI loss
There were 615 patients pathologically confirmed with esophageal cancer enrolled in this study. Of them, 474 (77.1%) were men, and 141 (22.9%) were women. All patients were between 23-82 years of age, with a median age of 59 years. The characteristics and parameters of the patients are listed in Tables 1 and 2 . Patients with a high BMI were more likely to be diagnosed with hypertension (p<0.001) and less likely to be smokers (p=0.007) or anemic (p<0.001). Furthermore, overweight and obese patients were less likely to require adjuvant therapy in addition to their operation (p<0.001). On the contrary, patients with high BMI loss were more likely to receive chemotherapy and radiotherapy (p=0.001). Moreover, BMI and BMI loss demonstrated a positive correlation with the cancer stage. Patients with high BMI loss and a low BMI had higher values for T (p=0.007) classification and lymph node metastasis (p<0.001) (Table S2 ). There were no significant differences in histopathology, gender, age, alcohol history, diabetes mellitus, family history, and cancer location.
Univariate and multivariate analysis
The median OS of the entire cohort was 31.0 months, and it ranged from 1.0-144.0 months. At the end of the observation period, 61.1% (376/615) of patients had died due to diseaserelated or unrelated factors (Table 3) . To evaluate the prognostic value of BMI and BMI loss in esophageal cancer patients, the demographic data, clinicopathological features, life style, BMI, and BMI loss were evaluated using univariate and multivariate Cox regression models (Table 4) . The univariate analysis revealed that histopathology, TNM stage, anemia, BMI, and BMI loss were significantly associated with the survival of esophageal cancer patients. However, gender, age, alcohol history, smoking history, diabetes mellitus, high blood pressure, and treatment were not significantly associated. Thus, the significant variables were selected for multivariate analysis using the enter method. The multivariate analysis showed that histopathology (HR =1.545; 95%CI: 1.227-1.946; p<0.001), TNM stage (HR =2.533; 95%CI: 2.050-3.131; p<0.001), and BMI (HR =0.829; 95%CI: 0.711-0.966; p=0.017) were independent prognostic indicators of esophageal cancer survival. What's more, when we model BMI and BMI loss as continuous predictors, it shows that for every 1 unit increased in BMI and BMI loss, the HR decreased to 0.952(0.921-0.984) (p=0.004) and increased to 1.039(1.004-1.076) (p=0.030). Thus, these findings suggest that BMI prior to therapy may serve as a novel independent prognostic factor for esophageal cancer.
Prognostic significance of BMI
To further explore the prognostic significance of BMI in esophageal cancer patients, Kaplan-Meier survival curves were generated, and the groups were compared using the logrank test. The patients were categorized into the following three groups: the underweight group (<18.5 kg/m 2 ), the normal weight group (18.5-22.9 kg/m 2 ), and the overweight and obese group (≥23.0 kg/m 2 ). In the entire cohort, overweight and obese patients had significantly better 10 year OS than underweight and normal weight patients (Figure 1) . The cumulative 10 year survival rate in the overweight and obese group was 47.3%, whereas it was only 29.5% and 36.2% in the underweight and normal weight groups, respectively. Additionally, patients were categorized into either an ESCC group or a non-ESCC group to evaluate the 10 year OS differences according to the BMI index. This is because the 10 year survival rates in these two groups were different (p<0.001, Figure 2A) . The 10 year OS in patients with a high BMI was significantly longer than patients with a low BMI in both the whole cohort (p=0.004, Figure 1 ) and the ESCC cohort (p=0.003, Figure 2B ). However, there was no significant difference in 10 year OS among the three BMI groups in the non-ESCC group (P=0.667, Figure 2C ).
Combining the prognostic significance of BMI and BMI loss
To further explore the prognostic significance of combining BMI and BMI loss, we generated Kaplan-Meier survival curves and performed the log-rank test for the whole cohort. The prognostic significance is shown in Figure S1 . Patients were divided into six groups: group 1 (BMI <18 Patients with a high BMI and no BMI loss (group 3) had a significantly higher survival probability than the other five groups. Conversely, the survival rate of underweight patients with BMI loss (group 4) was the lowest among the six groups. The order of the survival rates of the six groups from high to low was as follows: group 3 (51.0%) > group 6 (40.0%) > group 2 (39.2%) > group 1 (36.4%) > group 5 (32.1%) > group 4 (22.7%) ( Figure S1B ). Although BMI loss was not an independent prognostic factor for esophageal cancer (HR =1.194, 95% CI: 0.970-1.469, P=0.095), there was a significant difference (p<0.001) in the 10 year OS among the three BMI loss groups in the whole cohort ( Figure S1A ). To further explore the changes related to BMI loss, we calculated the mortality rate ( Figure S1C) . The results indicate that the mortality rate increased as BMI loss increased.
Discussion
Our study demonstrates that pretreatment BMI could be an independent prognostic factor for long-term OS in esophageal cancer patients. We found that the 10 year OS of patients with a high BMI were significantly longer than patients with a low BMI, which was true for both the entire cohort and the ESCC group. This result was consistent with previous studies in both benign tumors [22] [23] [24] [25] n=88 Figure 1 Prognostic significance of BMI in 615 esophageal cancer patients. The 10 year overall survival rate was calculated using the Kaplan-Meier method and analyzed with the log-rank test. The patients were categorized into a low BMI group, normal BMI group and a high BMI group, according to the Asian-specific BMI cutoff. A high BMI level was a favorable prognostic factor in whole esophageal cancer patients cohort. Abbreviation: BMI, body mass index. Figure 2 Prognostic significance of BMI in ESCC and non-ESCC groups. The overall survival rate was calculated using the Kaplan-Meier method and analyzed with the logrank test. The patients were categorized into either the ESCC group or the non-ESCC group. (A) The 10 year overall survival rate was different in these two groups. (B) A high BMI was a favorable prognostic factor in the ESCC group. (C) There were no statistically significant differences in the non-ESCC group. Abbreviations: BMI, body mass index; ESCC, esophageal squamous cell carcinoma.
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adjuvant therapy, has not been explored. In other words, there are no reports of clinical research on the relationship between pretreatment BMI and esophageal cancer patients treated with adjuvant therapy in the Chinese population.
Although BMI levels were different in different studies, the results of this study were consistent with other studies on the prognosis of esophageal cancer. 12, 37, 40 The reason why overweight and obese patients might have improved survival is not clear. Previous studies have indicated that the prognostic advantage for overweight and obese patients might be attributed to the fact that overweight and obese patients were more likely to never have smoked, never have consumed alcohol, and not have lost weight before surgery. 16, 41 In our study, patients with a high BMI were less likely to be smokers (p=0.007). Moreover, it was previously reported that pre-operative malnutrition was associated with poor survival in cancer patients. 42 Overweight and obese patients might have a better nutritional reserve to resist cancer. 43 In this study, patients with a high BMI were less likely to be anemic (p<0.001), and this may imply better physical conditions. As a calculation that indicates body fat, BMI is different from other unchangeable factors, such as age, race, and gender. It is potentially more modifiable. The factor that affects body weight may be a factor that influences the relationship between BMI and the prognosis of esophageal cancer patients. Weight loss is a common presenting symptom of digestive system neoplasms, especially in oral cancer, esophageal cancer, and gastric carcinoma. This is because most patients will experience dysphagia and odynophagia, which lead to reduced food intake. Also contributing to weight loss and malnutrition is the increased energy consumption and altered nutrient metabolism that is associated with systemic inflammation, which can be induced by the tumor. 5, 6, 44 This is especially true for esophageal cancer patients after surgery. 45, 46 It is known that significant weight loss in cancer patients is a risk factor for longterm survival. Several studies have reported that preoperative weight loss >10% of body weight can increase the risk of mortality after surgery by more than 10% in esophageal cancer patients. 13, 20, 21 In this study, we chose BMI loss instead of weight loss to evaluate the influence of weigh change on survival by taking patient height into consideration. The Hazard Ratios (HRs) of BMI loss suggest that pretreatment BMI loss increased mortality, although this was not statistically significant (HR =1.194; 95%CI: 0.970-1.469; p=0.095). However, the mortality rate of patients in the present cohort increased as BMI loss increased. BMI loss was closely related to the cancer stage; a higher BMI loss had higher T (p=0.007) classifications. Nevertheless, we should acknowledge that the association between BMI and survival might be influenced by certain significant confounding factors. Studies have shown that a higher household income was associated with a 33-38% decrease in risk of death in esophageal cancer. 40 Thus, improving the general socioeconomic status is a promising approach for reducing the tremendous burden of upper gastrointestinal cancers. 38 In other words, patients with good socioeconomic status, income status, and education were more likely to receive better treatment because of better health consciousness and financial support. However, this is a single-center retrospective analysis, and we need to validate the key findings and conclusions with other commonly used validation methods, including an independent cohort, in the future.
Conclusion
Our study provides more concrete evidence that a high BMI is associated with favorable long-term survival in esophageal cancer patients treated with different therapies in China. Patients with a low BMI and high BMI loss before therapy had a worse outcome than other patients with esophageal cancer. These results emphasize that the nutritional status in malnourished patients with esophageal cancer should be improved before therapy for a better prognosis. Figure S1 Combining the prognostic significance of BMI and BMI loss. The overall survival rate was calculated using the Kaplan-Meier method and analyzed with the logrank test. The patients were categorized into three groups: group 1 (no BMI loss), group 2 (BMI loss ≤2), and group 3 (BMI loss >2). (A) Patients with no BMI loss had a higher 10 year overall survival rate. (B) Patients with a high BMI and no BMI loss had a significantly higher survival probability than the other groups. (C) The mortality rate increased as BMI loss increased. Notes: Bold value indicates significant differences (p<0.05). Abbreviation: BMI, body mass index.
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